Abstract. Priming tomato (Lycopersicon esculentum Mill) seeds in aerated -0.5 MPa polyethylene glycol (PEG) enhanced the emergence rate and the extent and percentage of embryo radicles protruding partially or completely through the seed endosperm. The radicles' growth, however, was arrested at the seedcoat. The time course of radicle protrusion through the endosperm of seeds in PEG for the first 24 hours paralleled that of seeds germinating in aerated water; however, radicle protrusion continued through the seedcoats of seeds germinating in water. The radicle of the high-vigor PI-341988 tomato line protruded more rapidly through the endosperm than that of the low-vigor ST-24 line.
seed germination after sowing. In tomato seeds, the endosperm cap and testa form a barrier that the radicle must penetrate before germination can occur. Physically removing this barrier reduces germination time (Dahal et al., 1990 , Groot et al., 1988 Liptay and Schopfer, 1983) . Thus, the endosperm bars germination and helps control germination rate and vigor (Liptay and Schopfer, 1983; Liptay and Tan, 1985) . Groot et al. (1988) found that gibberellin weakened a tomato seed's endospem.
The purpose of the present study was to quantify the physical changes, morphological changes, or both associated with priming tomato seeds with PEG and compare the response of high-and low-vigor seeds to priming.
Tomato seeds were primed either in an aerated solution of -5 MPa PEG 6000 or water at 22C in 2-liter graduated cylinders that were covered with parafilm (American National, Greenwich, Corm.). The tomato lines used were those reported in earlier work: PI-341988, a high-vigor line, and ST-24, a low-vigor line (Liptay and Schopfer, 1983; Liptay and Tan, 1985) . PEG solutions were prepared according to Michel and Kaufman (1973) . Fifty seeds were sampled from each of the two lines and two priming treatments, i.e., with or without PEG, at 2,24,48,72, and 96 h. The 2-h time course represented the seed's initial state because the dry seeds were too difficult to cut precisely. Fifty seeds from each treatment were cut along the longitudinal axis. The excision was not always perfectly aligned; therefore, the extent to which the radicle protruded through the endosperm could not be discerned in all samples. Thus, the data are the means of only those seeds in which endosperm degradation could be discerned easily when viewed in the scanning electron microscope (SEM) (model S510; Hitachi, Tokyo). The number of seeds that could be assessed properly per priming treatment varied from 31 to 50. The cut seeds were prepared for the SEM by freezing them on dry ice, freeze-drying them for 24 h, and attaching them with silver paste to stubs and gold-sputtering their cut surfaces.
Emergence was measured on an ordinal scale as follows: seeds with radicles not protruding into the endosperm, seeds with radicles protruding from 0% to 50%, seeds with radicles protruding from 0% to 100% (completely compressed endosperms), and seeds with totally emerged radicles. The latter category could not be included in the analysis, as no radicles emerged under PEG priming. This result led to a confounding of the above factors.
Data were recorded as a numerical score and tested using analysis of variance. Such an approach assumes a normal distribution, which was not met in this case. A second approach is to consider the data as purely categorical and use an appropriate log linear model (McCullagh and Nelder, 1989) . Such models require more factors, as they do not use the information contained in the ordinal scale. Recent models, such as McCullagh's (1980) proportional odds analysis, are directed at ordinal categorical data. McCullagh's model has a desirable invariance property with respect to pooling ordinal categories arising from an implicit continuous scale. This model also is readily available in PROC LOGISTIC and PROC PROBIT, version 6 (SAS Institute, Cary, N.C.).
In our case, the model is defined as log is the multinominal probability attached to category j, and β and θ are the parameter vectors we wish to estimate. The θ 's are of no intrinsic interest they represent the logit of cumulative response when x = 882 0. The θ js often are referred to as cutoff points. Also, one of the assumptions this model makes is that the logit cumulative probability curves are parallel. The b s are the parameters through which we establish the significance of the explanatory variables, x.
The analysis was comprised of two cultivars, PEG priming (with or without), germination time (2, 24,48, 72, and 96 h) , and extent of endosperm protrusion by the radicle (0%, O% to 50%, or O% to 100%).
Longitudinally cut seeds were viewed with the SEM to establish the time course of endosperm protrusion by the radicle during PEG priming (Fig. 1) . In ST-24 seeds, the percentage of radicles not penetrating the endosperm was similar in the aerated water and PEG (Fig.  2) . AH other similar comparisons exhibited differences for both tomato lines. Thus, >50% of PEG-primed ST-24 seeds and ≈75% of PI-341988 seeds had their radicles protruding at least halfway through the endosperm 96 h after priming began. Moreover, in PI-341988 seeds, the endosperm was penetrated earlier by the radicle than in ST-24 seeds.
Initial models included all two-way interaction terms and main-effect terms for cultivar, PEG priming, and time. Interaction terms not significant at P ≤ 0.05 were removed. The final model included all main effects and a PEG x time interaction term ( Table 1) .
The assumption of proportional odds [x (9) = 6.2702, P ≤ 0.7126] was met, and the likeli- protruding from 0% to 50% into the endosperm ( t ), radicles protruding from 0% to 100% into the endosperm (completely compressed endosperms and seeds) (∆), and with emerged radicles ( s ). ST-24 or PI-341988 tomato seeds were primed either in aerated -5 MPa polyethylene glycol or distilled water. Seeds were sampled at 2, 24, 48, 72, and 96 h from the beginning of priming. The effect of the cultivar was independent of time and PEG priming, with a cumulative odds ratio ofe'9 = 6.7, a result indicating that emergence was associated with cultivar. PI-341988 had higher cumulative probability of emergence than ST-24. The effect of PEG vs. time was not independent (Fig. 2) .
Endosperm degradation and radicle protrusion up to but not through the tests seemed to be the main effect of seed priming (Fig. 2) . These morphological results support work by Ellis and Butcher (1988) , who reported that the main effect of priming seeds was a reduced thermal germination time. The radicle's penetration through the endosperm is the most difficult aspect of initial germination stages. The results demonstrate cultivar differences, even in response rate to PEG priming.
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